The Capability Maturity Model Integration, as part of the software process improvement, has been receiving attention due to the belief of its relevance to the customer satisfaction factor. This research aims at offering software companies in Jordan an overview of Capability Maturity Model Integration methodology and its benefits for the software industry. To study the impact of its implementation on customer satisfaction, through the quality of the software, and provide recommendations on increasing the awareness of Capability Maturity Model Integration, a quantitative study is designed. Four perspectives related to Capability Maturity Model Integration have been studied: the effect of its implementation on customer satisfaction as well as software quality, the effect of software quality on customer satisfaction, and the effect of its implementation on customer satisfaction through the software quality. The results concluded that there is a direct effect of implementing Capability Maturity Model Integration on customer satisfaction and software quality. It also shows that higher software quality positively affects customer satisfaction; i.e. software quality plays a mediation role between the effect of Capability Maturity Model Integration implementation and the customer satisfaction.
Introduction
Software quality has received much attention recently in both academia and industry. This is due to the role of software in modern-day business and modern-day living. The issue of software quality has been brought into sharp focus because of the disappointing performance of few "high profile" software projects and high rate of software projects failure. A recent report showed that in 2016 and 2017, organizations spent 31% of their budget to tackle quality issues in comparison with the previous years [1] . The study of the Standish Group [2] showed that 31.1 % of all information technology development projects are cancelled, 52.7% are completed only way over budget and/or behind schedule, and only 16.2% deemed a success (are completed on budget and schedule). The search for solutions to improve software quality has continued for many years and software organizations are now realizing that one of their fundamental problems is the inability to effectively manage the software process [3] , [4] . Software organizations also realize that effectiveness of their processes is as crucial as being able to cope with the rapid changes in the market [1] . In it will need to fall into line with international standards, so that local Jordanian companies seeking international contracts will be able to meet the CMMI level specified by international companies. Many Jordanian companies like Primus, STS, and ESKADENIA are CMMI certified and they implement it successfully. These companies are believed to be the leaders in the IT local Jordanian market in software industry. However, many other companies are not certified, but they are convinced that setting up well-controlled processes will help in increasing the quality of their final products and hence increasing the customer satisfaction.
Through our practical experience in the quality assurance field in the past seven years in different IT companies in Jordan, we have noticed that although these companies are following different sets of processes in assuring the quality, created, planned, and deployed by these companies according to their goals, those sets were no clear and standardized, especially the ones recommended by international institutes which added to the software industry different quality management methodologies that assure the delivery of high quality software and increase customer satisfaction. Consequently, many Jordanian IT companies suffer from serious problems with the market such as missed commitments, late delivery to the market and last-minute crunches. Also, they internally suffer from inadequate management capabilities and quality problem. As a result, customer satisfaction of the end-user is decreased which can be seen in the too many complaints they receive. This study aims to contribute to this research domain by investigating the level of implementing CMMI principles in Jordanian IT companies, the effect of implementing CMMI principles on customer satisfaction, and whether there is an indirect effect of implementing CMMI principles on customer satisfaction through software quality.
The findings and recommendations of this research have significant implications for managers, software vendors and researchers which will help in increasing the awareness of CMMI concepts and benefits for the IT companies' owners and top management in Jordan. In addition, the current study gives empirical analysis of the effect of implementing CMMI approach on the quality of the services and products provided by the software companies in Jordan and on customer satisfaction.
The remainder of this paper is organized as follows: Section 2 presents the research work related to the solution approach. Section 3 presents the research methodology. Section 4 presents the results of the study. Section 5 presents a discussion of research findings and managerial implications. Section 6 concludes the paper with a summary and a set of recommendations for the Jordanian IT companies to increase the satisfaction of their customers.
Related Work
Contributions Software engineering researchers always seek better ways to develop and evaluate software [6] . Many researchers identified that the importance of CMMI can be through improving competitiveness and quality. Several researchers studied the impact of software process improvement on organizations performance to enable SPI program managers to concentrate more on ''high perceived value" practices [17] - [19] . Reference [20] studied the impact of implementing a software project to CMMI level 5 certified organization on the overall software productivity. The results prove that implementing CMMI level 5 has a notable effect. It increases the code creation productivity up to 27%. Adding to that, the results show that during the code phase, the tools that utilized were effective and made a difference in improving the productivity as well as increasing the benefit of the cost. Reference [21] qualitatively studied the benefits of the CMMI and how to assess them. Furthermore, another study conducted lately in 2016 shows the importance of maturity models in general. It also analyzes the use of CMMI in different organizations and how to benefit from it [22] . References [23] and [24] provided detailed explanations and illustrations about the model while [25] studied CMMI and highlighted the vast benefits of CMMI implementations on the quality of the software. Reference [26] made a comparison between Six Sigma and CMMI and clarified that CMMI implementation is more beneficial to software industry as it positively affects the software quality and customer satisfaction. He also suggested a model combining some of the ideas from both models.
Reference [27] recommended the implementation of CMMI model for software companies for its great effect on reducing defects. While [28] concluded that quality of services is greatly enhanced when implementing CMMI especially the areas that enhance the processes of providing services to customers. Reference [29] studied the impact of the CMM on certain critical factors in information systems' implementation strategy, software quality and software project performance. They found that CMM levels do associate with Information System implementation strategies and higher CMM levels relate to higher software quality and project performance. Reference [30] found that higher quality management intensity led to higher end-user satisfaction and lower quality management intensity led to lower end-user satisfaction. Reference [5] stated that the reasons for adopting CMM-based SPI approaches in organizations are usually related to product quality and project performance, and less commonly, to process. Organizations reported customer reasons infrequently and employee reasons very rarely. CMMI is also used to assess organizational maturity which proves its effectiveness. The results confirmed that CMMI is suitable for assessing organizational maturity [31] . Another study stated that software companies can benefit from CMMI by hiring developers with the highest level of process maturity in order to produce software with higher quality; this state came from the fact that the use of high levels of process maturity will definitely reduce defects, achieve stakeholder satisfaction, improve and maintain efforts and enhance software management [32] . A systematic review has been conducted to examine the influence of using both of CMMI and agile software development in the organizations. The results revealed that the benefits are related to the organization and to the development of the processes as well [33] .
As SPI projects are risky and may easily fail, [34] proposed a new methodology to make projects more successful. This methodology called "process Increments" and by using it, CMMI-based projects were improved and gained more success. They finally stated that The SPI results have dramatically improved. As a result, we can conclude that CMMI is flexible and can be improved to gain successful results. Another work done by [35] supports the idea of combining CMMI with other methodologies in order to gain more success. In this work, the researchers highlighted the fact that risk assessment is crucial to the increase of software development project success. Thus, they presented an automated risk assessment framework using CMMI and risk taxonomy as a guidance to develop a risk assessment model.
Using a national quality survey from 482 companies in Sweden, the analysis of [36] showed that for product organizations, internal quality practices which influence customer satisfaction and business results primarily through an organization's customer orientation. For service organizations, both customer and process orientation impact customers directly, and employee management has a direct impact on business results. The research also supports the claim that organizations with a quality foundation are in a better position to adopt a customer orientation. Reference [37] showed that cost benefits for implementing CMMI are substantial and worthwhile. Implementing CMMI provides any organization with benefits such as making them more competitive in the market place. Implementing CMMI reduces the number of defects in the product by 39 percent. The CMMI improvements increase the employee moral by preventing crises. CMMI has proved its effectiveness in examining its impact of the return of investment. The benefits can be summarized as reducing the product cost, finding and fixing the defects, reducing the time needed to complete the projects, improving the quality, and an overall useful return of investment [38] . Reference [39] aimed to demonstrate the impact of using the CMMI approach on the quality and the end-user satisfaction. While still limited, the results presented in this study provide credible quantitative evidence that CMMI based process improvement can result in better project performance and higher quality products. Parzinger and Nath [40] found that measures of software quality are affected by the change in the customer satisfaction and the CMM level. Adding to its success in targeting the issues of time and cost, CMMI has an impact on quality. Reference [41] studied the impact of CMMI implementation on quality in the Russian engineering companies. The findings show that there was a remarkable improving in the field of quality management. The number of defects have decreased by 62,5%. Implementing SPI standards become a universal requirement. Reference [42] stated that the Egyptian software organizations attempt to improve the quality of their process and CMMI is the preferred one for those organizations.
CMMI can be combined with other methodologies in order to achieve a certain business goal [43] . Lukasiewicz and Miler's study [43] stated that combining CMMI with Scrum methodology will improve both agility and discipline of software development. They verified their work by applying it into two IT companies and they concluded that their work is capable for supporting organizations with different levels of maturity and agility. According to CMMI Institute [44] , 70% of the organizations that implement CMMI use agile. CMMI solves issues and problems that agile organizations have such as performance. Reference [45] stated that the implementation of CMMI is hard for small organizations because of the high costs. As a solution, a combination of CMMI and agile methods have been suggested. It has been reported that the combination has a great result and several benefits for small organization.
Reference [46] investigated the extent of adapting the total quality procedures in the Jordanian software companies to find the main problems behind not adapting total quality standards. They have found a strong positive relationship between the application of the quality management practices and the quality of the produced software. Accordingly, they recommended the application of the quality management procedures in order to increase the quality of software produced by the Jordanian companies. Samman [47] aimed to develop a model for improving the business performance of the Jordanian organizations by the integration of the TQM to process development and re-engineering. Although these organizations are not specialized in producing software, but Samman's study is important as he investigated the possible integration between TQM and processes development regardless of the industry of the interviewed organizations, which is implied by the development of the CMMI model to serve the quality management of the software industry. Authors in [15] highlighted the main success factors of the Jordanian software companies in order to be able to compete in the rapidly changing market. The study concluded that it is necessary for Jordanian companies to apply the international standards to improve software industry in Jordan and get the desired position in the market. Reference [48] developed a model for small Palestinian software development firms to help them in making a self-evaluation for their software development process and find areas for improvements. The author identified that Process Improvement Areas were considered important and least implemented inside small software firms. This result justified the need for process improvement framework that is tailored for small software firms in Palestine. The conclusion was that all of the key Process Areas are considered important for small software firms to succeed in delivering highly quality software products.
Although there is a fair number of researches that have studied different quality management approaches in Jordan, very few of them discussed CMMI and its effects on different dimensions in the Jordanian software industry and market. Moreover, the effect of the implementation of CMMI in approach on customer satisfaction is still not addressed in these studies. Hence, this study can be very helpful for the post researchers who would like to conduct further research in this domain and especially if they want to consider the local Jordanian software industry environment. This study will guide them through the status of the local Jordanian market and its perspective of CMMI and the awareness of its effect on the local market. [49] Throughout this research, several hypotheses are suggested and will be tested, specifically:
Research Methodology
• H1: There is no direct significant effect of CMMI principles on customer Satisfaction.
• H2: There is no direct significant effect of quality of the software on customer satisfaction.
• H3: There is no direct significant effect of the implementation of CMMI on the software quality.
• H4: The software quality mediates significantly the impact of CMMI principles on the customer satisfaction. To test and validate our hypotheses, the population for this study is a group of software companies in Jordan. According to Int@j 2 , there are around 60 operating Jordanian software houses. A survey has been designed and distributed to the managers (i.e. people in leading positions with sufficient knowledge of quality management best practices while having knowledge on customer satisfaction levels of their software products). Some descriptive statistics can be found in Table 1 and Table 2 .
The survey consists of four sections: demographical questions (i.e. to gather information about the survey respondents and their companies), implementation areas of CMMI (i.e. covering the seven independent variables), quality of the produced software (i.e. the degree of reliability, usability, low cost, and responsiveness), and customer satisfaction (i.e. to measure the acceptance of software by its users). Survey questions were peer-reviewed by several "expert" judges 3 to ensure their validity. Cronbach's alpha reliability coefficients were calculated for the variables of the study. For the survey tool to be reliable, Alpha values should be higher than 0.60, which applies to all variables as shown in Table 3 . The analysis of the data has been carried out using a set of statistical methods (i.e. descriptive statistics, simple regression, multiple regressions, and hierarchical multiple regression). For specifying the degree of the estimation through the values of the resulted means, they were encoded to the Likert 5-points scale as shown in Table 4 . 
Results

Means and Standard Deviations of Study Variables
Summary of the descriptive statistics for the set of question categories designated for this study is shown in Figure (1) . The detailed questions and their descriptive statistics are shown in the table in appendix A. From the figure, it can be noticed that the means and the standard deviations of the question categories vary slightly; therefore, a deeper look at individual questions for each category is required. For example, Among the quality management practices in the organizations question set (i.e. Q1 through Q14), Q4 and Q13 have got the lowest results. The answers to Q4 show an average tendency for companies to implement quality management practices; however, there is no clear definition of the percentage of accepted errors. This can be due to the difficulty to specify a precise percentage of errors in practice. The ones who agreed on this question are from the organizations that are ranked at level 4 and higher on CMMI. As for statistics of Q13, it can be noticed that few IT professionals are aware of CMMI model, which coincides with [36] . On the other hand, Q10 got the highest mean indicating that most surveyed companies do testing before implementing their products to their end-users, regardless whether the processes of this testing phase are effective or not. From our perspective, most IT companies in Jordan seem to perform testing prior to the implementation phase as indicated in the software development life cycle where testing has to be done before the implementation.
It is also shown that at the strategic management & planning, Q22 has got the lowest mean (M=2.85), which is consistent with answers to Q4; since not many companies define a specific and accepted ratio of errors, therefore, they won't be aware of this ratio in the first place. On the other hand, Q15 got the highest mean (M=3.91); companies strive for developing the quality. This is because most of the surveyed IT companies in Jordan are established by unexperienced young entrepreneurs in terms of software process improvement models. Questions 27 through 37, the work processes & procedures questions set, show an average implementation level of defined and documented work procedures and processes. This can be attributed to the variety of surveyed company sizes. It is common that small companies' procedures can be semi-defined or undefined, while big companies have clear goals and objectives at the operative level, based on which processes and procures will be clearly set. For instance, Q35 got the lowest means (M=2.96), in harmony with Q13 suggesting that few companies in Jordan follow processes and procedures defined by the CMMI approach. In addition, the second/third lowest means (i.e. Q36 and Q37) demonstrate that few IT companies set proactive action plans to anticipate errors, in order to maintain an accepted ratio of errors, or preventing them. This can be attributed to the same reason, where a quality management model that sets a proactive action plan (e.g. CMMI, Six Sigma, among others) is not adopted. Consistently, most answerers to Q32 suggests learning from past experiences (M=3.63). This is because, regardless of the final software quality, companies in Jordan learn from customers' feedback. This, also, comes in harmony with Q40, where most IT companies in Jordan focus on measuring customer satisfaction. This can be attributed to the high competitiveness of the Jordanian IT market where a company survival is highly correlated to maintaining an accepted level of customer satisfaction.
Further, questions 41 through 44 measure whether IT companies in Jordan use specialized systems for data gathering and analysis. Results show that, generally, top-level managers are aware of the benefits of such systems on producing high quality products; however, it is shown that in average less number of managers know how to effectively use them. Questions 45 to 48 discuss the levels of People Management in the surveyed companies. Mainly, questions 46 and 47 discuss employee satisfaction levels concerned with financial issues. For instance, Q46 shows that IT personnel communicate many issues they encounter in their work to upper management (mean=3.61), especially when it comes to improving processes due to the encouragement of communication and information sharing, resulting in many cases of high positions offer as a compensation of inability of paying them high salaries. On the other hand, Q47 show that job satisfaction is a major concern given the rapidly changing IT environment, resulting on a behaviour of seeking better job opportunities where employees are better paid, and a feeling of depreciation and underpaid. Questions 49, 50, and 51 measure the top management & leadership. According to analysis results, high level of leadership in IT companies in Jordan is represented by the high support of top management to the employees (i.e. Q50, Q46). It was noticeable that many answers were submitted by young employees who were tempted by top management offers to participate and develop, aiming at achieving strategic goals of the companies. Questions 52, 57, and 63 are meant to measure the satisfaction of the end-users. Analysis results show that end-users are highly satisfied with the software produced. This can be explained by the booming need to use information systems in almost all life aspects in Jordan, which makes the market finds almost any computer system helpful. The results do not show high satisfaction due to the market realizing that there are Softwares better than others due to high competition in the IT industry. Some questions related to the software quality are shown in the Table 5 . Questions show average level of quality in the produced software. This can be attributed to many reasons, the most important one is the lack of efficient and effective systems that quantitatively measure the software quality. On the other hand, Q17 shows that a majority of IT companies search for ways to reduce the costs of the errors and defects, regardless of the effectiveness of their ways. The results of multiple regression analysis shown in Table 6 indicate that there is a direct effect of CMMI implementation on customer satisfaction, indicating that CMMI implementation explains 66.8% of the variance in customer satisfaction. Given that (F = 41.375) at (P < 0.05), so we reject the null hypothesis and accept the alternative, which points towards that there is a direct effect of the implementation of CMMI on customer satisfaction. It can be noticed, as well, that there are two significant positive relationships with the customer satisfaction at p < 0.05 (i.e. quality management in the organization, work processes and procedures). A less significant relationship can be found at p < 0.1 between customer satisfaction and the top management and leadership. On the other hand, results indicate that strategy management and planning, focusing on customers, data collecting and analysis, people management show no significant effect on the customer satisfaction. These results come in harmony with the study of [50] .
Hypotheses Testing
The effect of CMMI principles on customer satisfaction
The effect of software quality on customer satisfaction
The result of simple regression demonstrates that there is a direct effect of software quality on customer satisfaction, where coefficient of determination reported score of (0.673) indicating that 67.3 % of the variance in customer satisfaction can be explained by the software quality at significance level of 5%; therefore, the hypothesis is rejected, and its alternative is accepted (i.e. there is direct significantly effect of quality of the software on customer satisfaction at significance level of 5%). The results, illustrated a strong relationship between a software quality and satisfied customers, are in agreement with the literature as in [30] , [36] , and [40] .
The effect of the CMMI implementation on the software quality
Results reported on multiple regression (i.e. Table 7) show a direct effect of CMMI implementation on the software quality, where CMMI implementation explains 76.3% of the variance in the software quality at a significance level of 5%; therefore, the hypothesis is rejected, showing that there is a direct effect of the implementation of CMMI on software quality. The results of the regression test indicate that there is a positive significant relationship between quality management and the work processes and procedures on the software quality. These results agree with results of [29] and [48] . 
Mediation effect of software quality between CMMI principles and customer satisfaction
To analyze the mediating effect of software quality between CMMI and customer satisfaction, hierarchical multiple regression has been used. This experiment comes in three folds. First, to examine the relationship between independent variable and the dependent variable (i.e. Model 1). The results show that Quality Management in the Organization and Work Processes and Procedures relate significantly to customer satisfaction. The second fold is to examine the effect of the independent variables (i.e. CMMI principles) on the mediator (i.e. software quality). The results (i.e. Model 2) indicate that Quality Management in the Organization and Work Processes and Procedures have positive and significant effects on software quality. Finally, on the third fold (i.e. Model 3), the mediator is included to examine whether it reduces the effects of the antecedents to non-significance. As results show in Table 8 , the coefficients for software quality are positive and significant, indicating the direct effect of software quality on customer satisfaction. Further, software quality significantly reduces the effects of CMMI principles on the dependent variable, all of them to non-significant, and attenuates the relationships between CMMI principles and customer satisfaction. Thus, software quality plays a mediating role between CMMI principles and customer satisfaction, supporting the mediation effect in H4.
Discussions
In terms of Quality Management, Jordanian IT companies do testing on software before being sold to the customers. Also, there is a high level of awareness about the importance of the quality procedures among the people at the management level, but not many of them are aware enough of CMMI approach and its benefits on enhancing the software quality. Main weakness point found as per the results is that many Jordanian IT companies do not specify an accepted ratio of errors. This leads to make people in the operational level not aware of whether the errors are accepted or not, which leads to produce low quality software. In addition, Jordanian IT companies continually look to improve the quality of the software they produce, and they bear in mind that they need to set strategies towards a continuous improvement in the quality of their products and enhance the customer satisfaction. Also, these companies are aware of the high costs generated by defects if found by their customers.
Further, the results reveal that Jordanian IT companies are relying on past experiences to overcome the issues they encounter in building software. This is a strong indication that these companies highly depend on feedback from customers to measure their acceptance of the software. Also, there is high effort done by top management in IT companies in Jordan towards encouraging their subordinates to develop in their jobs. Top management is aware of the benefits of keeping skillful resources in their companies rather than losing them for their competitors. But they tend to not to share their subordinates in setting strategic plans. Furthermore, IT companies in Jordan appear to be taking care of their employees. Though this is a general perception, but the managers who answered this section show that there is no high job satisfaction.
In addition, IT companies in Jordan continuously keep in touch with their customers to measure their satisfaction towards the software that they produce. This is a good indication that the Jordanian IT companies tend to focus on their customers to stay competitive in the market. The results show moderate tendency towards having the customers participate in setting the accepted ratio of errors. This tendency may have drawbacks in the focusing on the customers to know their level of satisfaction. Further, IT companies in Jordan use specialized systems to measure the customer satisfaction. But, the results show that many IT companies in Jordan do not use specialized systems to help them measure their position in the market, and to know their competition status.
Measuring the CMMI effect on customer satisfaction shows that IT companies in Jordan deliver an average software quality according to the following aspects: reliability, cost efficiency, usability, and responsiveness. In terms of reliability, companies implement an average level of procedures that assure reliability of software, resulting in moderate software reliability. As per cost efficiency, companies extensively search for ways to reduce costs in software caused by additional quality assurance and maintenance costs for defected products. The results show that software produced by IT companies in Jordan lack major defects that would generate such an additional cost. It is also observable that software products offered by Jordanian companies, generally, have an average usability and responsiveness, leading to a lower software quality. Results show that companies implementing quality management and work processes while developing their software results in higher software quality, which consequently enhance the customer satisfaction. Customers satisfied by the functionalities implemented for their software; however, they are moderately satisfied with the accuracy of the systems, as well as, their output representations (i.e. formatting) generated by the systems. It was observed that there is a direct effect of CMMI implementation on customer satisfaction, where the effect emerges through the implementation of Quality Management and Work Procedures and Processes areas. But there was no direct effect from the implementation of Strategic Management and Planning, People Management, Focusing on Customers, Data Collecting and Analysis, and Top Management and Leadership areas. There is a direct effect of CMMI implementation on software quality, where the effect appears through the implementation of Quality Management and Work Procedures and Processes areas. But there was no direct effect from the implementation of Strategic Management and Planning, People Management, Focusing on Customers, Data Collecting and Analysis, and Top Management and Leadership areas. There is, also, a direct effect of software quality on customer satisfaction. Whereas the higher the quality of the software, the higher effect on the increase of the satisfaction of the customers, and vice versa. Hence, software quality mediated the effect of CMMI implementation on the customer satisfaction. This indicates that there has to be an effect of the implementation of CMMI in Jordanian IT companies on the software quality in order to have a greater effect on the enhancement of the customer satisfaction.
An interesting finding of this study was that few of the surveyed companies were CMMI certified. Additionally, some companies were unaware that they were already implementing a considerable number of areas of CMMI. Few reasons can justify that, among which 1) high cost of implementing CMMI methodology as it requires contracting a certifying institute, and 2) top management focus on sales and market penetration especially that most IT companies in Jordan are mid-sized companies, and unaware of the Return on Investment (ROI) implications of implementing CMMI.
Conclusion
In this paper, the effect of implementing CMMI in the Jordanian software firms has been quantitatively analyzed from four perspectives: The effect of CMMI implementation on customer satisfaction, the effect of CMMI implementation on software quality, the effect of software quality on customer satisfaction, and the effect of CMMI implementation on customer satisfaction through the software quality. The study has found that there is a direct effect of CMMI implementation on customer satisfaction, where the effect emerges through the implementation of Quality Management and Work Procedures and Processes areas. Moreover, it has found that there is a direct effect of CMMI implementation on software quality in which the effect appears through the implementation of Quality Management and Work Procedures and Processes areas. Regarding the effect of software quality and customer satisfaction, the study has found that the higher the quality of the software, the higher effect on the increase of the satisfaction of the customers, and vice versa. Additionally, it showed that software quality mediated the effect of CMMI implementation on the customer satisfaction. This indicates that there has to be an effect of the implementation of CMMI in IT Jordan companies on the software quality in order to have a greater effect on the enhancement of the customer satisfaction. The study encourages IT firms in Jordan applying the CMMI methodologies to enhance the satisfaction of their customers. They should focus on Quality Management, and Work Procedures and Processes. Moreover, IT companies should start to increase the awareness of CMMI approach and its benefits at their managerial level through improving employees understanding of the IT business, and not only on their technical knowledge; they also need to learn more about business management, latest studies and theories in running IT businesses successfully, skills on how to communicate with customers to understand their needs, and to start out contacting consultant and CMMI experts to propose to them how to start the first steps in getting CMMI certified. 
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